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b = 13.763 (6) A 
c = 21.537 (9) A 
V = 1815.4 (13) A 3 
Z = 4 

Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
r mi „ = 0.987, r m „ = 0.991 

Refinement 

R[F 2 > 2a(F 2 )] = 0.044 

wR(F 2 ) = 0.115 

5 = 0.99 

4195 reflections 



Mo Ka radiation 
li = 0.08 nun 4 
T = 296 K 

0.25 x 0.15 x 0.12 mm 



9439 measured reflections 
4195 independent reflections 
2178 reflections with / > 2a(I) 
R in . = 0.026 



219 parameters 

H-atom parameters constrained 
A/w = 0.09 e A~ 3 
Ap mi „ = -0.10 e A -3 
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Key indicators: single-crystal X-ray study; T = 296 K; mean ct(C-C) = 0.004 A; 
R factor = 0.044; wR factor = 0.1 15; data-to-parameter ratio = 19.2. 

In the title compound, C20H22N2O2, the cyclohexane ring 
adopts a chair conformation and the two N atoms bonded to 
salicylidene groups are in cis positions. Both hydroxy groups 
are involved in intramolecular O— H- ■ N hydrogen bonding 
and the two benzene rings form a dihedral angle of 60.5 (1)°. 

Related literature 

For the crystal structure of fra«j , -7V,7V'-bis(salicylidene)-l,2- 
cyclohexanediamine, see: Cannadine et al. (1996); Liu et al. 
(1997), and for the crystal structures of its complexes, see: 
Khalaji et al. (2010); Man et al (2008); Xu et al. (2009). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


Ol-Hl-Nl 


0.82 


1.87 


2.599 (3) 


148 


02-H2- ■ N2 


0.82 


1.84 


2.577 (3) 


148 



Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97, PLATON (Spek, 2009) and WinGX 
(Farrugia, 1999). 

This work was supported by the National Natural Science 
Foundation of China (Nos. 20971062 and 21171081). 




Experimental 

Crystal data 

C2oH 2 2N 2 0 2 Orthorhombic, Pl^lfa 

M r = 322.40 a = 6.125 (3) A 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5199). 



References 

Bruker (2001). SMART, SAINT and SADABS. Bruker AXS Inc., Madison, 
Wisconsin, USA. 

Cannadine, J. C, Corden, J. P., Errington, W., Moore, P. & Wallbridge, M. G. H. 

(1996). Acta Cryst. C52, 1014-1017. 
Farrugia, L. J. (1999). /. Appl. Cryst. 32, 837-838. 

Khalaji, A. D., Hadadzadeh, H., Fejfarova, K. & Dusek, M. (2010). 

Polyhedron, 29, 807-812. 
Liu, Q., Ding, M., Lin, Y. & Xing, Y. (1997). Acta Cryst. C53, 1671-1673. 
Man, W. L., Kwong, H.-K., Lam, W. W. Y, Xiang, J., Wong, T.-W, Lam, W.-H., 

Wong, W.-T, Peng, S.-M. & Lau, T.-C. (2008). Inorg. Chem. 47, 5936-5944. 
Sheldrick, G. M. (2008). ^Icra Cryst. A64, 112-122. 
Spek, A. L. (2009). Acta Cryst. D65, 148-155. 

Xu, Z., Zhou, M.-D., Drees, M., Chaffey-Millar, H., Herdtweck, E., Herrmann, 
W. A. & Kuhn, F. E. (2009). Inorg. Chem. 48, 6812-6822. 



Acta Cryst. (2011). E67, o3399 



doi:1 0.1 1 07/S1 60053681 1 049038 



Fan et al. o3399 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, o3399 [ doi:10.1107/S1600536811049038 ] 
1 2 

cis-N JW -Bis(2-hydroxybenzylidene)cyclohexane-l,2-diamine 
P. Fan, C. Ge, X. Zhang, R. Zhang and S. Li 

Comment 

1,2-Cyclohexanediamine has trans-cis isomers, so their reaction products are also isomers. fra«5 , -A r ,A r '-Bis(salicylidene)- 
1,2-cyclohexanediamine has been prepared and characterized via X-ray crystallography (Cannadine et ah, 1996; Liu et ah, 
1997). The compound is current of interest due to its fascinating versatility as coordination ligand (Khalaji et ah, 2010; Man 
et ah, 2008; Xu et al., 2009). As cw-isomer is difficult to form complex, it has received relatively few studies. 

The stucture of the title compound is shown in Fig. 1. The two N-salicylidene groups are cis in the structure with the 
same constitution but differ in the arrangement of their atoms in space. Dihedral angel between aromatic rings is 60.5 (1) 
°, between the ring of CI— C6 and C8/C10/C12 is 88.8 (1) °, between the ring of C15— C20 and C8/C10/C12 is 75.2 (1)°, 
respectively, hydroxy groups and imine groups are involved in intramolecular hydrogen bonding (Table 1). 

Experimental 

The cis-trans mixture of 1,2-cyclohexanediamine was purchased from Alfa Aesar and was used as received without further 
purification. The title compound was obtained as following: added 0.05 mol salicylaldehyde slowly to ethanol solution 
of 1,2-cyclohexanediamine with stirring, then the resulting mixture was stirred 2 h under reflexing. By slow evaporation, 
yellow block-shape single crystals suitable for X-ray analysis were obtained within several days. 

Refinement 

All H atoms were placed in geometrically idealized positions (C — H = 0.93 - 0.97 A, and O — H = 0.82 A), and refined in 
a riding model, with (7i S0 (H) = 1.2-1.5 (7 e q of the parent atom. In the absence of any significant anomalous scatterers in the 
molecule, the 1621 Friedel pairs were merged before the final refinement. 



Figures 



Fig. 1. The molecular structure of the title compound. Displacement ellipsoids are drawn at 
the 50% probability level. 
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2-(iV-{2-[(2-hydroxybenzylidene)amino]cyclohexyl}carboximidoyl)phenol 



Crystal data 

C20H22N2O2 
M r = 322.40 
Orthorhombic, Pl\l\l\ 
Hall symbol: P 2ac 2ab 
a = 6.125 (3) A 
b = 13.763 (6) A 
c = 21.537 (9) A 
V= 1815.4 (13) A 3 
Z=4 



F(000) = 688 

Z> x = 1.180 Mgrrf 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 126 reflections 

6 = 2.5-23.1° 

H = 0.08 mnT 1 
T=296K 
Block, yellow 
0.25x0.15x0.12 mm 



Data collection 



Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
r min = 0.987, T max = 0.991 
9439 measured reflections 



4195 independent reflections 

2178 reflections with / > 2a(7) 
ic int = 0.026 



h = -8^8 

£ = -18^8 
/= -27^28 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.044 
wR(F 2 ) = 0.115 

5 = 0.99 

4195 reflections 
219 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[c 2 (F 2 ) + (0.0487/ 5 ) 2 ] 
where P = {F 2 + 2F c 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.09 e A~ 3 



-O.lOeA 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
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Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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Atomic displacement parameters (A ) 
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Geometric parameters (A, °) 
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m / ni 
J2J.0 (i) 


C 1 0 — C 1 5 — C20 


llo.U (Z) 


P/1 PI Ul 

C4 C3 — H3 


1 1 A ") 

j jy.2 


pit pi c pi i 
CJo — CI j — C14 


111 a 
1Z1 .U (Z) 


PT PI Ul 

C2 — C3 — H3 


j jy.2 


PI A PI c pi i 

C20 — C 1 5 — C 1 4 


1Z1 .U (Z) 


pi pi pi 
C3 — C2 — C J 


1 1 A C 

Jjy.5 (i) 


\n p~7 p/; 
JN 1 — C/ — Co 


1 11 A 

1Z3.U (Z) 


PI PI UT A 

C3 — C2 — H2A 


1 OA 1 

J20.3 


\n p~7 in 
JN J — C / — H I 


no c 


P 1 PI UT A 

C J — C2 — H2A 


1 TA 1 

J20.3 


p/; P*7 TUT 

Co — C / — H 1 


1 1 o c 
1 lo. J 


pn pio P1A 

cj / — cjs — cjy 


1 ^> 1 1 c*i \ 
J2J.J (Z) 


\n p 1 1 pn 
JN2 — CJ3 — CJ2 


1 AO Cfl ( 1 A\ 

luooy (iy) 


pn pio uio 
C J / — C J 8 — H J 8 


1 1 A C 

j jy.5 


\n p 1 1 po 
JN2 — CJ3 — Co 


1 1 A 1 1 /1 £\ 

11U.31 (lo) 


P1A PIO UIO 

CJy — CJ8 — HJ8 


1 1 A C 

j jy.5 


pn pii po 
CJ2 — CJ3 — Co 


nz.oi (iy) 


P 1 A PA PO 

cjo — cy — cs 


JJ2.5 (Z) 


xn p 1 1 un 
JN2 — CJ3 — HJ3 


1 AO A 

lUo.4 


P 1 A PA UA A 

c j o — cy — Hy a 


1 AA 1 

joy. j 


pn pii un 
CJ2 — CJ3 — tili 


1 AO A 

lUo.4 


PO PA UA A 

C8 — cy — HyA 


1 AA 1 

joy. j 


po pii un 
Co — C J 3 — H J 3 


1 AO A 

lUo.4 


p i a pa i mo 

c j o — cy — Hy b 


1 AA 1 

joy. j 


p.0 nn pio 
U2 — C2U — C J y 


1 1 Q A 

i iy.4 (z ) 


po pn i i(i i) 

cs — cy — Hyts 


1 AO 1 

juy. j 


P*^> PTA PI C 

U2 — C20 — C J J 


1 TA O 
1ZU.0 (Z) 


UA A PA U(1D 

HyA — cy — Hyts 


1 A"7 O 
JO /.8 


P1A PI/1 pi f 

CJy — C2U — CJ 5 


ny. / (Z) 


PI P/1 PC 

C3 — C4 — CD 


11(1 / 

j jy.o (i) 


PTA P.1 ui 

C20 — U2 — H2 


1 A A £ 


pi pyl TJ A 

C3 — C4 — H4 


1 TA T 

J20.2 


\n po pa 

jn j — Co — cy 


1 1 A 1 /I /"1 

1 1U.34 (1 /) 


PC P/1 U/1 

C5 — C4 — H4 


1 TA 1 

J20.2 


M 1 PO PIT 

JN J — Co — C J3 


1 AA AC / 1 £\ 

iuy.y!) (lo) 


pii pn pii 
CJ3 — CJ2 — CJ J 


111 A /">\ 

J J J.4 (Z) 


PA PO P 1 1 

cy — Co — c j 3 


1 1 A 11 /1 H\ 

11U.13 (1 /) 


pn pn un a 
C J3 — C J2 — H J2A 


1 AA 1 

joy.3 


\n po uo 
JN J — Co — Ho 


1 AO O 

lUo.o 


P11 pn unA 
C J J — C J 2 — H J 2A 


1 AA 1 

joy.3 


PA PO UO 

cy — Co — ho 


1 AO O 

lUo.o 


p 1 1 pn unD 
C J3 — C J2 — HJ2B 


1 AA 1 

joy.3 


P1 1 PO uo 

CJ3 — Co — Ho 


1 AO O 

lUo.o 


P11 pn unr> 
CJ J — CJ2 — HJ2B 


1 AA 1 

joy.3 


pn pu pi c 
CJ / — CJo — CJ5 


1Z1 .4 (Z) 


unA pn unr> 
H J 2A — C J 2 — H J ZD 


1 AO A 

J08.0 


pn Pi/C uu 
CJ / — CJo — H Jo 


11(1 T 

ny.3 


PA p 1 A P11 

cy — c j o — c j j 


1 1 a a n\ 

j jo.y (Z) 


pi r pu u 1 /: 
CJ5 — CJo — H Jo 


1 1 A 1 

i iy.3 


PA P 1 A U 1 A A 

cy — C J 0 — H J OA 


1 AA C 

joy.5 


P/1 PC P/C 

C4 — C5 — Co 


121.0 (3) 


P11 P1A U1AA 

CJ J — CJO — HJOA 


109.5 


C4— C5— H5 


119.5 


C9— C10— HI 0B 


109.5 


C6— C5— H5 


119.5 


Cll— C10— H10B 


109.5 


Ol— CI— C2 


118.7(2) 


HI OA— C10— HI 0B 


108.1 


Ol— CI— C6 


120.8 (2) 


C10— Cll— C12 


110.6 (2) 


C2— CI— C6 


120.4 (2) 


C10— Cll— H11A 


109.5 
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C5— C6— Cl 117.9(2) 

C5— C6— C7 120.9 (2) 

Cl— C6— C7 121.2(2) 

C18— C19— C20 120.4 (2) 



C12— Cll— H11A 109.5 

CIO— Cll— HUB 109.5 

C12— Cll— HUB 109.5 

H11A— Cll— HUB 108.1 



Hydrogen-bond geometry (A, °) 



D—H-A 

01— Hl-Nl 

02— H2-N2 



D — H 

0.82 

0.82 



1.87 
1.84 



D-A 
2.599 (3) 
2.577 (3) 



D—H-A 

148 

148 
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